Cold-active xylanase Endo-xylanase Recombinant xylanase Flavobacterium Fn3 domain a b s t r a c t A novel xylanase gene, xyn10A, was cloned from Flavobacterium johsoniae, overexpressed in a flavobacterial expression system, the recombinant enzyme purified by Ni-affinity chromatography, and enzyme structure and activity analyzed. Xyn10A was found to be a modular xylanase with an Fn3 accessory domain on its N-terminal and a catalytic region on the C-terminal. The optimum pH and temperature for Xyn10A was 8.0 and 30°C, but Xyn10A retained 50% activity at 4°C, indicating that Xyn10A is a cold-active xylanase. A Fn3-deletion xylanase had relative activity ca. 3.6-fold lower than the wild-type, indicating that Fn3 promotes xylanase activity. The Fn3 region also contributed to stability of the enzyme at elevated temperatures. However, Fn3 did not bind this xylanase to insoluble substrates. The enzyme hydrolyzed xylo-oligosaccharides into xylobiose, and xylose with xylobiose as the main product, confirming that Xyn10A is a strict endo-b-1,4-xylanase. Xyn10A also hydrolyzed birchwood and beechwood xylan to yield mainly xylose, xylobiose and xylotriose.
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Introduction
Xylanases (EC.3.2.1.8) are diverse and ubiquitously distributed in xylanolytic microorganisms in nature (Collins et al., 2005) . Most of the microbial b-1,4-xylanases (those responsible for cleaving internal b-1,4-xylosic linkages in hemicellulose materials) are grouped into 6 glycoside hydrolases (GH) families: GHs 5, 8, 10, 11, 30 and 43 (Shallom and Shoham, 2003) . Currently, the best studied b-1,4-xylanases belong to families GH10 and GH11 (Collins et al., 2005) . The catalytic mechanisms involved in degradation of xylan by family GH10 and GH11 have been extensively examined.
Due to the increasing number of genome/metagenome sequences available, more and more ''novel'' b-1,4-xylanases are being discovered by genome mining methods (Kim et al., 2009 (Kim et al., , 2012 .
Like various modular glycoside hydrolases (e.g., microbial cellulase, chitinase, and many others), xylanases are frequently found to be multidomain proteins, with modular structures comprising catalytic and additional ancillary modules (Collins et al., 2005; McBride et al., 2009) . The most investigated ancillary structures in xylanases are carbohydrate-binding modules (CBMs) which help either increase the stability of the enzyme or direct it to insoluble substrates (Guillen et al., 2010) . Furthermore, xylanases carry multiple modules with homology to those from eukaryote proteins such as Fibronectin types 3 domain (Fn3) (Kim et al., 2009 ), PKD1 (polycystic kidney disease 1) (Xie et al., 2007) , and immunoglobulin-like domains (Xie et al., 2007) in addition to CBMs. However, most of these modules' functions remain a mystery. Among
